The primary target in the seismo-field of CoRoT, HD 49434, known to be a bona fide hybrid γ Doradus/δ Scuti, shows excited intermediate-order g modes. Time-Dependent Convection models, however, predict a range in frequency that is stable to pulsations, between the simultaneously excited high-order g modes (γ Dor) and low-order p and g modes (δ Sct). Furthermore, theoretical studies based on model computations of δ Sct stars suggest that stochastically excited modes are likely to be observed. A pertinent question would then be to ask: Might those observed intermediate-order g modes be stochastically excited? By employing a statistical method which searches for the signature of stochastic excitation in stellar pulsations, we investigate the nature of those modes with possible implications on the identification of their excitation mechanism. Preliminary results are rather inconclusive about the presence of stochastic excitation. A new analysis that thoroughly takes into account sampling effects is necessary in order to get more reliable results.
Introduction
Hybrid γ Dor/δ Sct stars are of great interest because they offer additional constraints on stellar structure and may be used to test theoretical models. γ Dor stars pulsate in highorder g modes with periods of the order of 1 day, driven by convective flux blocking at the base of their convective envelopes. In turn, δ Sct stars pulsate in low-order p and g modes with periods of the order of 2 hours, driven by the κ-mechanism operating in the He II ionization zone. Most of the already confirmed hybrid stars clearly display separate frequency domains. However, some of these objects are known to exhibit a range of excited intermediate modes. Such a feature has been detected for the first time in the frequency power spectrum of the Am star HD 8801 by Handler (2009) . That work also shows that the amplitudes of these intermediate oscillation modes are of the same order of magnitude as of those detected in the classical δ Sct domain. The presence of intermediate-order modes opens new questions concerning the possible mechanism responsible for their excitation.
In this regard, the present work aims at providing insight into the possible excitation mechanism of such intermediateorder modes, through the analysis of the frequency power spectrum of the hybrid star HD 49434, which has been selected for the asteroseismic core programme of the CoRoT satellite (Baglin et al. 2006) . HD 49434 (spectral type F1V) is a bright (V = 5.75) and multiperiodic pulsator located ⋆ e-mail: campante@astro.up.pt near the blue edge of the γ Dor instability strip (IS) and inside the δ Sct IS. Photometric data recently made available by CoRoT (Chapellier et al. 2009 ) allowed confirming the hybrid nature of HD 49434. This star had been referenced as a candidate hybrid γ Dor/δ Sct by Uytterhoeven et al. (2008) , following an extensive photometric and spectroscopic ground-based campaign. A compelling feature of its frequency power spectrum is the presence of excited intermediateorder g modes.
From a theoretical point of view, different approaches are currently being adopted in order to explain such spectral features. Theoretical studies based on model computations of cool δ Sct stars (Houdek et al. 1999; Samadi et al. 2002) predict the presence of solar-like oscillations with amplitudes large enough to be detectable with ground-based instruments, although so far not confirmed. It should be stressed here that these models lie exactly on or near the γ Dor IS determined afterwards by Dupret et al. (2005) . Therefore, it is plausible considering that solar-like, γ Dor-like and δ Sctlike oscillations might be simultaneously excited in such intermediate-mass, main-sequence stars.
Rotational splitting has already been invoked as a possible explanation for these observed frequencies (Bouabid et al. 2009; Uytterhoeven et al. 2008 ). More recently, Kallinger and Matthews (2010) suggested that most of the peaks in the rich frequency spectra of the δ Sct stars already analysed using data from CoRoT (see e.g., García Hernández et al. 2009 ) could be the signature of non-white granulation background noise, meaning that only a few tens of those frequencies should be interpreted as stellar p modes.
On the other hand, based on the Time-Dependent Convection (TDC) of Grigahcène et al. (2005) , Dupret et al. (2005) showed that TDC models predict the likely existence of hybrid stars with both δ Sct p-mode and γ Dor g-mode oscillations. Furthermore, TDC models predict the existence of a frequency gap that is stable to pulsations in the range 5-15 d −1 for low-degree modes. Therefore, according to these models, neither the classical κ-mechanism nor the convective flux blocking at the bottom of the convective envelope can explain the excitation of observed intermediate-order g modes.
In the present work, we address the possibility that such intermediate-order g modes are excited by a stochastic mechanism. In order to do so, a first approach to the problem can be easily implemented by considering the characteristics of this type of excitation, in particular those concerning the statistical behaviour of the mode amplitudes. A simple diagnostic method has been established by Pereira and Lopes (2005) that probes the stellar pulsations' excitation mechanism by analysing the temporal variation in the amplitude of oscillation modes. Numerical simulations and the application to the γ Dor star HD 22702 (Pereira et al. 2007 ) serve as a test of the method. In this work we employ this statistical method to investigate the nature of the intermediateorder g modes visible in the spectrum of HD 49434.
Observations vs. TDC models
Recent data from CoRoT allowed confirming the hybrid nature of HD 49434, previously referenced as a candidate. In Fig. 1 we simultaneously display partial (i.e., exclusively within the gap) ground-based and CoRoT frequency spectra of HD 49434 (middle and bottom panels, respectively). The top panel displays the frequency spectrum of HD 8801. Fig. 2 the theoretical excited frequency spectrum for spherical degree ℓ ranging from 0 to 10 and corresponding to a representative model (M = 1.55 M ⊙ and T eff = 7300 K). We note that the stability of modes within the gap decreases as degree ℓ increases. This is due to the fact that the Lamb frequency (S ℓ ) behaves according to S 2 ℓ ∝ ℓ(ℓ + 1), so that the size of the propagation cavity for g modes increases with ℓ for a given frequency (Grigahcène et al. 2010 ). The gap extent gets clearly reduced for higher values of ℓ without however becoming completely filled.
This interestingly opens a new question both on the validity of the data analysis treatment used in frequency detection and on the nature of the excitation mechanism once the stellar origin of these frequencies is assured. 
Search for evidence of stochastic excitation
A search for the signature of stochastic excitation in a number of modes within the gap was carried out according to the statistical method described in Pereira and Lopes (2005) . It has been shown that for oscillations that are excited and damped by a physical process in stochastic equilibrium, the ratio of the standard deviation of the amplitude, σ(A), over the amplitude mean value, A , is approximately 0.52. This theoretical relation still holds true in the presence of a time series crowded with closely-spaced periods, a relevant issue when applying the method to γ Dor stars. Furthermore, the region for which σ(A) < 0.52 A corresponds to oscillations excited by thermal overstability, this being the region where one expects to find most of the modes excited by the κ-mechanism. On the other hand, the region with σ(A) > 0.52 A corresponds to non-equilibrium stochastic oscillations (yet to be observed).
In order to investigate the nature of the observed intermediateorder g modes we have analysed the 136.9-day time series available for this star which was collected by CoRoT during the long run LRa01 (2007 October-2008 . We started by dividing the original time series in 41 subseries, each with the approximate duration of 3.33 d. We then selected 4 previously detected modes within the gap, having performed 41 amplitude measurements for each, i.e., one Table 1 ). We went further and performed Monte Carlo simulations in order to compute the probability density function (pdf) for the observed σ(A)/ A statistic assuming stochastic excitation. The modal bin of this distribution turns out to be approximately 0.407 and the 1σ-equivalent confidence interval is given by 0.315 ≤ σ(A)/ A ≤ 0.515. Fig. 3 displays the so-called excitation diagram. 
Discussion and preliminary conclusions
Two remarks should be made after inspection of the excitation diagram (Fig. 3 ): 1. The way the sampling has been performed, i.e., the number of amplitude measurements and the type of sampling (linear with separation 1, in other words, sampling from contiguous subseries), does not allow for a good estimate of σ(A)/ A if we assume stochastic excitation. 2. The fact that the observational results lie outside the confidence interval (for the two strongest modes) or just on the lower 1σ bound (for the two faintest modes) might tempt us to conclude that these modes are not stochastically excited. However, we need to be cautious and a new analysis should definitely be carried out where we increase the number of amplitude measurements (with the corresponding loss in frequency resolution of each of the subseries), thus increasing the significance of the statistic σ(A)/ A .
